The ATLAS prosthetic system was tested on 81 trans-tibial amputees in two tropical areas and followed for about two years.
Introduction
In developing countries the education of those providing prosthetics services to amputees is often limited to "on-the-job" training, in particular in areas where armed conflicts have raged (Verhoeff et al, 1999) . This has led to a push for technology that simplifies alignment and assembly procedures such as the CAD/CAM milled prosthesis from the Prosthetics Outreach Foundation, and the polypropylene technology from the International Committee of the Red Cross, which were found to have a user satisfaction of about 80% or higher (Jensen and Heim, 2000; Matsen 1999) . The newest device, the ATLAS system, designed for these areas of the world is based on a monolithic system that All correspondence to be addressed to J. Steen Jensen, ISPO Head Office, Borgervasnget 5, DK-2100 Copenhagen Ø, Denmark. only requires one assembly for trans-tibial amputees. A programme of clinical field-testing of this system was planned. In order to assure the quality of the craftsmanship the clinical fieldtesting was to be performed or supervised by two schools providing education and training of orthopaedic technologists to Category-II level (ISPO classification) after the manufacturer had provided a short training session.
Prosthetic system
The ATLAS system from Chas. A. Blatchford & Sons Ltd., UK consists of an integrated I-beam shin and foot keel-blade, designed for fibre reinforced thermoplastic injection moulding, and an injection moulded elastomeric toe-break. The shin-foot component comes with a full-length durafoam cosmetic cover. It is available in foot sizes 23-26 and with a 0.5 cm heel height only. The height of the prosthesis is adjusted by cutting off the length of the I-beam, which is then fixed to a H-profiled slot in a chassis with two clamp screws, and between that and the prosthetic socket an alignment coupling is interposed to allow linear shift, angulation and rotation at one level. The prosthetic socket is not part of the system, but is individually made in the conventional fashion.
Patients and methods
One group of amputees was fitted at the Cambodian School of Prosthetics and Orthotics (CSPO) in Phnom Penh, Cambodia, which has in the past used open-ended polypropylene sockets with a soft liner. In El Salvador laminated resin with total contact was used in about half of the cases; polypropylene in the others. Four different centres provided the prostheses, coordinated by the orthopaedic technologist (Category-II) school now at the University Don Bosco.
The demographics of the two study groups are recorded in Table 1 . Differences in summing up of total numbers of amputees and the detailed records for individual amputees relate to failures of the prostheses being repaired or replaced with another prosthesis before the follow-up visit. Such individuals were recorded in the failure statistics, but were not interviewed or examined. The Cambodian group totalled 49 amputees with 51 stumps, and only 2 were lost to follow-up. They were slightly younger than the Salvadorian group (p<0.0003) and were mostly recruited among soldiers and police having sustained their amputation as result of landmines and other war ordnance. They were all without restrictions of mobility and fully physically independent. The Salvadorian group of 36 individuals was a more mixed group; the amputation being caused by diabetes mellitus in 8 cases and traffic accident in 7 cases. In this group 4 were lost to followup. According to the Harold Wood Stanmore assessment system 5 patients had restricted mobility (limited distance, need of walking aids); were confined to home, property or nearest surroundings; and had limitations in physical independence (need of care, or environmental adaptation only). A significantly smaller proportion (p<0.03) was in work. In general, the stumps were rather straightforward for fitting, although more scars and protruding bone ends were encountered in Cambodia.
The clinical follow-up examinations were performed by a Category-I prosthetist and an orthopaedic surgeon. The assessment system applied was the same as previously used (Jensen and Heim, 2000) with only slight modifications. Two follow-up visits were planned for 9 and 18 months after the initial fitting, but in El Salvador the latter visit was postponed for about 9 months because of the earthquake in February 2001. The end-point for follow-up was failure of the prosthesis, or the last follow-up visit.
For statistics Students-t-test (unpaired, twotailed, two-sample, unequal variance) and life table analyses were applied. 
Results
The prosthetic alignment, fit and patient compliance are listed in Table 2 .
Dorsiflexion of the foot was a frequent observation, which was due to the low heel height made available for shoe users.
The prosthetic fit was found too tight in 4/42 in Cambodia and 9/32 in El Salvador, but the overall quality of fit was not significantly different. The user compliance was 87% (41/47) in Cambodia, and 78% (25/32) in El Salvador (p<0.03). Pain and lack of comfort were frequently occurring in amputees, who had another comfortable prosthesis from the past to compare with. Table 3 describes the records obtained from non-users. There were 15 altogether. Ten (10) of the 15 were dissatisfied because of pain, poor comfort and tight fit. However, it should be noted that noise from the shin-foot piece was the single or concurrent cause of non-compliance in 6/15 cases. In total, system related factors were the cause of non-compliance in 8/15 cases. The characteristics of amputees with noncomplaints or non-system related failures are listed in Table 4 . In Cambodia 2 cases of broken suspension strap occurred. Altogether 20% (13/66) users passed through the follow-up period without any need for intervention towards their ATLAS prosthesis.
In 10 cases a new socket was required; 4 of which were first-time fittings of diabetic amputees in El Salvador.
Intensive use of the ATLAS prosthesis was claimed by 21/25. Among those, who had in the past already used a polypropylene or a resinwood prosthesis, only 1 had the old model as preference, 2 found the prosthetic systems equivalent, but 18/21 preferred the ATLAS system. Only 2/25 were dissatisfied with the ATLAS prosthesis because of lack of comfort and pain.
System-related failures were encountered in 62% (41/66) of users (Table 5 ). The most serious failure was fracture of the shank in 36% (24/66); located about ankle level, where the I-beam of the shin turns into the foot keel blade. In 7 cases this happened during sports performance (running or volleyball) and in the remainder during walking. The fractures occurred in 9/14 amputees with long stumps.
Badly worn soles were found in 12% (9/66), and tear or wear of the cosmetic cover in 8% (5/66). Eventually it was observed at the first follow-up that the IH-junction between the Ibeam and the chassis was moveable (loose) and required tightening of the screws in 17% (11/66). However, in 7 cases fracture of the shank occurred at a later occasion.
The survival curves for non-failed prostheses (Fig. 1) shows that there is no difference in failure-rates and time to failure between the two series. Further the survival curves for ATLAS prostheses are compared (Fig. 2) with those previously published with prosthetic feet (Jensen and Heim, 1999) and falls well within the same ranges.
The ATLAS prostheses in the group with system related failures had been subjected to intensive use in 93% (38/41) with 14 (rangelO-18) hours of daily use and walking distance exceeding one kilometre. In this group 31 patients had previously used either polypropylene or resin-wood prostheses, but only three (10%) preferred the old model, whereas 84% (26/31) preferred the ATLAS.
Discussion
This study aimed at investigating a new and simpler prosthetic choice for trans-tibial amputees -the ATLAS system -in a tropical setting on known users. The study was started concomitantly with the market launch. The prosthetic providers agreed to simplicity of assembly, as claimed by the manufacturers, but in Cambodia many amputees requested the cosmetic cover to be replaced with the normally used plastozote covered with brown pelite. In El Salvador the fitting was delegated to the major providers with the result that the inclusion criteria were not always followed, as some prostheses were given to primary amputees, who were amputated because of diabetic gangrene, and this group was also of an older age. Further the follow-up period, which was scheduled to 9 and 18 months after the fitting had to be changed because of the logistic problems arising from the severe damage to the infrastructure due to a major earthquake in February 2001. However, survival curves were applied to analyse the endurance of the prostheses and showed equivalent results in the two regions. The deviations from the test protocol did not significantly influence the results.
ATLAS-ELS

ATLAS-CAM
Problems related to socket fit were naturally not influenced by the ATLAS system, which incorporates the alignment device distal to the socket, an assembling chassis and an integrated shin-foot piece. A user compliance of 84% (range 78% -87%) is in accordance with previous reports (Jensen and Heim, 2000; Matsen 1999 ). The main cause for noncompliance was poor socket fit with discomfort and pain, which in similar environments has been reported in up to 35% of cases (Verhoeff et ah, 1999) . However, some patients gave up the ATLAS prosthesis solely or partly because of a shrieking noise on walking arising from the shank or the foot. At the first follow-up after 9 months this was thought to be related to materials creep, or cold flow, at the IH assembly between the chassis and the I-beam of the shank and it was attempted to overcome the problem by tightening of the screws. In a few cases the local prosthetist had tried to add resin fixture at that junction. That did not fully rectify the problem, and at the second follow-up after 18 months 2 prostheses were cut up and a lack of adherence was found with motion between the keel and foot-plate and the heel padding and cushion.
Failure of the suspension strap is considered an insignificant problem that is easily repaired. Another trivial problem was wear of the cosmesis, which could happen with any device.
The problem with wear of the prosthetic foot has previously been pointed out (Jensen and Heim, 1999; Verhoeff etal, 1999) . That was not solved with the ATLAS prosthesis, as 22% (9/41) of the foot pieces were badly worn after 5 to 31 months of use. This is problematic, as rectification requires exchange of the shin-foot piece with attendant high costs.
Among the 66 amputees, who were active users, 52 had previously used a polypropylene or resin-wood prosthesis. A striking feature is that only 4 amputees (8%) preferred the older design, whereas the remainder found ATLAS the best and even wanted it back in cases of failure because of higher comfort in walking and in particular in running due to less rigidity of the shank and ankle region. It is, however, of great concern that 36% (24/66) sustained a fracture of the shin at ankle height during walking or running. This is a severe threat to user safety, which makes the ATLAS system unacceptable for general use in its current form, in particular for the physically active trans-tibial amputee.
With a failure rate of about 40% after one and a half years according to the life tables the ATLAS system does not represent any improvement over the poor results already published with some locally produced SACHfeet in South East Asia (Jensen and Heirn, 1999) .
